A poorly known sculpin, Atopocottus tribranchius Bolin, 1936 (Cottidae), was redescribed on the basis of 56 specimens from several localities in Japan; off Yamaguchi, Kyoto and Niigata Prefectures on the Japan Sea coast, and Kochi Prefecture on the Pacific coast, and in the northern East China Sea. The specimens from Yamaguchi, Kochi and the East China Sea represent the first specimen-based records for the species from those regions. Minute organs on the trunk surface, previously regarded as lateral-line pores, are most likely epidermal pits containing free neuromasts, and lateral-line pores are restricted to a row of embedded lateral-line scales on the anterodorsal portion of the body. Diagnostic characters of the monotypic genus, Atopocottus Bolin, 1936, are here reviewed on the basis of external and selected osteological characters, described for the first time. The genus is more similar to the Southern Hemisphere (Indonesia, Australia and New Zealand) genus Antipodocottus Bolin, 1952 than to Stlengis Jordan and Starks, 1904, known only from Japan, in having poorly developed cephalic sensory canals with few pores and the lateral-line scales in a simple canal without dorsal and ventral branches. However, Atopocottus differs from Antipodocottus in having fewer lateral-line scales (3-5 vs. 5-33 in the latter); the uppermost preopercular spine with 1-6 dorsal branches, their length and width becoming shorter and narrower, respectively, toward the spine tip, some of them with two spinous points (vs. 2-5 simple, similarly sized dorsal branches); and lacking a supraocular tentacle (vs. usually present). A more comprehensive examination of the two genera is necessary to determine their monophyly.
Introduction
Atopocottus tribranchius Bolin, 1936 (Cottidae) , the only member of the genus Atopocottus Bolin, 1936 , is a very small marine sculpin (mature size <3 cm SL) inhabiting depths of 100 m or more (Bolin 1936; Honma 1959 Honma , 1960 . Known only from Japan, it has been suggested that the genus is closely related to the single Southern Hemisphere cottid genus Antipodocottus Bolin, 1952 , as well as the Northern Hemisphere genera Icelinus Jordan, 1885 and Stlengis Jordan and Starks, 1904 (e.g., Bolin 1952; Nelson 1985 Nelson , 1990 . Antipodocottus probably originated from the Northern Hemisphere southward by way of the Philippines, New Guinea and the New Hebrides (Bolin 1952; Fricke and Brunken 1984; Nelson 1985; Briggs 2003) . Therefore, clarification of the phylogenetic position of Atopocottus should help reveal the dispersal patterns of cottid fishes from the Northern to Southern Hemispheres. However, specimenbased descriptions of At. tribranchius are limited and morphological features of the species poorly known, as it is infrequently collected due to its small body size and relatively deep water habitat. In fact, Yabe (1985) , who investigated the phylogenetic relationships within Cottoidea on the basis of comprehensive morphological examinations, did not include Atopocottus in his materials examined. In the present study, the species is redescribed in detail on the basis of 56 non-type specimens from various Japanese localities, and further Nelson's (1985) comparisons of Antipodocottus with Atopocottus and Stlengis, utilizing newly-found external and selected osteological characters of At. tribranchius for the first time. The distribution of At. tribranchius is also reviewed.
Materials and Methods
Counts and measurements follow Kai and Nakabo (2009) . Terminology of the cephalic sensory system follow Nelson (1986) and Muto et al. (1994) , and that of osteological characters, Nelson (1985 Nelson ( , 1990 and Yabe (1985) . Sex was determined by directed gonad examination in some of the examined specimens (as indicated in a list of material examined). Osteological characters, including vertebral number, were determined from x-ray photographs of five specimens (BSKU 101389, BSKU 118404, 118407, 118411, and 121007) , and a cleared and Alizarin Red-S stained specimen (BSKU 121005) . The holotype of At. tribranchius was 25 May 2017 DOI: 10.12782/sd.22_87 examined for comparative purposes but not included in the description. Data for dorsal-fin spine length of specimens with six or eight spines in the first dorsal fin were eliminated from Table 2 . Specimens examined in this study are deposited at the following institutions: Laboratory of Marine Biology, Faculty of Science, Kochi University (BSKU), Kochi; the Kyoto University Museum and Maizuru Fisheries Research Station, Kyoto University (FAKU), Kyoto and Maizuru, respectively; the Kagoshima University Museum (KAUM), Kagoshima; Kanagawa Prefectural Museum of Natural History (KPM), Odawara; Seikai National Fisheries Research Institute (SNFR), Nagasaki; and Museum Support Center of the Smithsonian Institution National Museum of Natural History (USNM), Suitland.
Atopocottus Bolin, 1936 [Japanese name: Kawari-anahaze-zoku] Diagnosis. Dorsal-fin rays VI-VIII-10-12; anal-fin rays 6-9; pectoral-fin rays 17-19; pelvic-fin rays I, 2; dorsal fins broadly separated into spinous and soft-rayed portions (Fig.  1) ; short row of 3-5 deeply embedded lateral-line scales with 4-6 pores restricted to anterior portion of body, no other scales on head and body; lateral-line scales with a simple tube, non-serrated posterior margin (Fig. 2A) ; cephalic sensory pores on head moderately developed (Fig. 3A, B) , supraorbital canal with 4 pores (SO1-2 and 4-5), lacking SO3; occipital canal with a single and four paired pores, including posterior medial pore (OCP), lateral anterior central pores (OCLA), lateral posterior central pores (OCLP), lateral anterior pores (OLA), and lateral posterior pores (OLP), lacking anterior medial pore (OCA) and minute supplementary pores; terminal mandibular pores paired but not united as single large pore; postpelvic process somewhat rounded, slightly elongate and well separated from each other (Fig.  2B) ; head and nasal spines absent, preopercular spines present; uppermost preopercular spine with 1-6 dorsal branches, becoming smaller toward spine tip, some branches with two spinous points in large specimens (Fig. 4) ; skin flaps (including supraocular tentacles and orbital cirri) absent on head and body.
Comparisons with Antipodocottus and Stlengis. Although Bolin (1952) and Brunken (1983, 1984) considered Antipodocottus to be related to Stlengis, Dewitt (1969) suggested that the former was in fact more similar to Atopocottus. Nelson's (1985 Nelson's ( , 1990 comparisons of Antipodocottus with Stlengis and Atopocottus (based on osteological and external characters) indicated that Antipodocottus was more closely related to Atopocottus, with Stlengis appearing to be closer to Icelinus, although he was unable to conduct a detailed osteological examination of Atopocottus. Recently, Knope (2013) provided a molecular phylogenetic hypothesis for Cottidae based on mitochondrial and nuclear genes, and indicated a robust sister relationship between At. tribranchius and Stlengis misakia (Jordan and Starks, 1904) , and Icelinus was recovered in a monophyletic group with other several northern Pacific genera. Antipodocottus was not included in his analysis. Accordingly, this study focused on the examination of external and selected osteological characters of Atopocottus (described for the first time) so as to compare that genus with Antipodocottus and Stlengis.
Comparisons of selected characters among the three genera are shown in Table 1 [revised from Nelson (1985: Nelson (1990) and Nelson and Carpenter (1999) . No differences occurred in general skull components, including the five infraorbitals [Nelson (1985 [Nelson ( , 1990 included the lacrimal in the infraorbital series]. Similarly, the caudal skeleton was consistent among the three genera, each having three epurals and a plate-like hypural complex with a central split (Nelson 1985: figs 1, 2, 5; Figs. 2C, 3C, D) . However, generic differences were apparent in the pelvic girdle, the pelvis of At. tribranchius being relatively broad and short, its length subequal to its width (Fig. 2B) , compared with the relatively narrow and long (length about 1.5 times its width) pelvis in Antipodocottus and Stlengis (see Nelson 1985: fig. 4 ). The postpelvic process of At. tribranchius is somewhat rounded and widely separated each other, but more pointed and closed in Antipodocottus and Stlengis. The nasal bone of At. tribranchius is smooth, lacking a spine as in Antipodocottus (except An. elegans-variably present or absent), whereas it has a distinct spine in S. misakia (Nelson 1985 (Nelson , 1990 ; this study). The uppermost preopercular spine shape of At. tribranchius is unique among the three genera, comprising 1-6 dorsal branches, their length and width becoming shorter and narrower, respectively, toward the spine tip (some branches with two spinous points in large specimens) (Fig. 4) . In contrast, Stlengis possesses 5 (rarely 4) mostly simple branches on the uppermost preopercular spine, all of subequal length and width ( Fig. 5A ), as in Antipodocottus (Bolin 1952; DeWitt 1969; Fricke and Brunken 1983; Nelson 1985 Nelson , 1990 .
The cephalic sensory systems of At. tribranchius and Antipodocottus are similar, sharing poorly developed canals with fewer pores, compared with Stlengis. Atopocottus tribranchius is characterized by four supraorbital pores and a few supplementary pores on the inner side of the frontal region ( Fig. 3A) , as opposed to 11 supraorbital pores and numerous minute supplementary pores in that region in Stlengis (Fig. 6 ). The number and position of pores on the frontal of At. tribranchius (Fig. 3C ) is closely similar to those of Antipodocottus (see Nelson 1985: fig. 1A; Nelson 1990 : fig. 2A ). Moreover, At. tribranchius has the occipital canal with a posterior medial pore, lateral anterior and posterior central pores, and lateral anterior and posterior pores on the parietal region. The occipital canal of Stlengis, on the other hand, has many anterior and posterior branches and supplementary pores. The terminal mandibular pores of At. tribranchius are paired [not united as a single large pore as in some species of Antipodocottus (An. elegans and An. galatheae) and Stlengis (Table 1) ].
The lateral-line scale morphology of At. tribranchius and Antipodocottus clearly differs from Stlengis, as pointed out by Nelson (1985) . Atopocottus tribranchius and Antipodocottus possess non-overlapping lateral-line scales Nelson (1985) . This study Nelson (1990) Bolin (1952); Nelson (1985) ; Stewart (2015) DeWitt ( Nakabo and Kai (2013) with a simple tube (see Nelson 1985: fig. 3A ; Fig. 2A Brunken 1983, 1984) . In contrast, S. distoechus and S. osensis are characterized by dorsal and/or ventral rows of well-developed overlapping ctenoid scales; S. distoechus has a dorsal row of scales along the dorsal fin bases to the dorsal portion of the caudal-fin base (Fig. 7A) , and S. osensis, an additional ventral scale row above the anal fin to the ventral portion of the caudal-fin base (Fig. 7C) . The remaining congener, S. misakia, possesses only lateralline scales (Fig. 7B) . Atopocottus tribranchius further differs from Stlengis in lacking cirri on the orbit surface, compared with numerous minute cirri in the latter (Fig. 7B) . In contrast, Antipodocottus usually has a moderately long supraocular tentacle [see Bolin (1952: fig. 1 ), DeWitt (1969: fig. 1 ) and Fricke and Bolin (1984: fig. 1) ; Table 1] .
Atopocottus is further distinguished from Antipodocottus by fewer lateral-line scales [3-5 (vs. 5-33 in the latter)], the postpelvic process being somewhat rounded and widely separated each other (vs. pointed and slightly separated), the uppermost preopercular spine with 1-6 dorsal branches, their length and width becoming shorter and narrower toward the spine tip, some with two spinous points (vs. 2-5 simple, similarly-sized dorsal branches), and absence of a supraocular tentacle [vs. present (unknown in An. mesembrinus) ]. Atopocottus may also be diagnosed by the lower numbers of dorsal-fin soft rays (10-12) and analfin rays (6-9), compared with Antipodocottus (12-15 and 10-12, respectively) (Table 1) . However, further detailed investigations of the internal and external characters of Atopocottus and Antipodocottus are necessary to determine their monophyly and phylogenetic positions.
Comparisons among the three genera suggested that Atopocottus is more similar to Antipodocottus rather than Stlengis as in the previous studies [e.g., Nelson (1985 Nelson ( , 1990 ]. Fricke and Brunken (1984) suggested a difference in depth distribution between Antipodocottus and Stlengis. Among the three genera, At. tribranchius inhabits the shallowest depths (118-247 m), compared with Antipodocottus (ca. 100-735 m depth) and Stlengis (ca. 130-460 m depth) (Fricke and Brunken 1984; Stewart 2015; Ohashi et al. 2017 ; this study). Bolin, 1936 [Japanese name: Kawari-anahaze] (Figs 1-4 Table 2 . Body small, posterior portion strongly compressed (Fig. 1) . Head and body fleshy, naked except for a row of 3-5 lateral-line scales under skin, restricted to anterodorsal portion of body, each scale with a single canal with anterior and posterior openings; pores opening on skin between each lateral-line scale and posterior margin of last scale, 4-6 pores in total [FAKU 135499 (1 of 2, 27.5 mm SL) with separated rows of lateral-line scales on left side of body; anterior canal continued to postorbital canal with 2 pores, posterior canal isolated with 3 pores]. No cirri on head and body. Head moderately large, rounded; eye very large, orbit diameter 34-43% of head length; interorbital space very narrow. Mouth terminal, moderately large; posterior margin of maxilla extending beyond a vertical through mid-orbit. Both jaws with narrow bands of 2 rows of small, slender conical teeth; crescent-shaped row of small conical teeth on prevomer; palatines with short band of small teeth. Gill rakers rudimentary, tubercular, restricted to lower limb; branchiostegal membranes broadly united with each other, free from isthmus. Preopercle with 4 distinct spines; lowermost spine canted anteroventrally; uppermost spine longest with 1-6 branches dorsally (number of branches increasing with growth; Fig. 4) . No other spines on head. Dorsal fin broadly separated into spinous and soft-rayed portions. Dorsal-fin spines tiny; 3rd spine shorter than both 2nd and 4th spines, forming distinct notch in dorsal contour of fin; length of 3rd spine 58-98% and 57-91% of 2nd and 4th spines length, respectively. Second dorsal fin slightly higher than 1st dorsal fin; all soft rays unbranched. Anal fin origin below 2nd soft ray of 2nd dorsal fin; length of base shorter than that of 2nd dorsal fin; all soft rays unbranched. Pectoral fin relatively large, long; all rays unbranched; tip of longest ray, reaching a vertical through middle of 2nd dorsal-fin base. Pelvic fin slender; all soft rays unbranched; spine tiny, fused with 1st soft ray; 2nd ray longest, its tip not reaching anus. Caudal fin small, truncate, with 8 or 9 branched rays. Caudal peduncle relatively long, low.
Atopocottus tribranchius
Cephalic sensory system shown in Fig. 3A , B. Supraorbital canal with anterior and posterior nasal pores and 4 supraorbital pores; 1st and 2nd supraorbital pores on anterior portion of frontal; 3rd pore (SO3) absent; 4th and 5th supraorbital pores on posterior edge of orbit. Infraorbital canal with 9 posterior pores. Posterior portion of interorbital region with anterior and posterior coronal pores. Postorbital canal with 6 pores. Occipital canal with posterior medial pore, lateral anterior central pore, lateral posterior central pore, lateral anterior pore and lateral posterior pore; anterior medial pore (OCA) absent. Preoperculo-mandibular canal with 10 pores; 1st to 3rd on ventral surface of dentary, 4th on border between dentary and angular, 5th to 9th on preopercle between each preopercular spine and 10th on upper end of thin sensory canal from preopercle.
Fresh coloration. Based on color photograph of 20.5 mm SL-specimen (Fig. 1 ). Head and body white with numerous small yellowish-green blotches scattered on head and dorsum of body, numerous small blackish blotches scattered on lateral surface of body, except for abdomen; large black blotch dorsally on pectoral-fin base. First dorsal-fin membrane white with black blotch between 4th and 6th spines. Second dorsal-fin membrane semi-translucent, posterodorsal edge tinged with white; posterior rays with blackish tinge. Anal-fin membrane semi-translucent, posteroventral edge broadly tinged with white. Pectoral fin semi-translucent with ca. 4 irregular, narrow yellowish-green bands. Posteriormost portion of caudal peduncle and caudal fin base broadly blackish. Caudal fin semi-translucent. Preserved coloration. Head and body creamy-white; white and yellowish markings diffused but black markings retained; second dorsal fin broadly blackish in some large specimens.
Distribution. The species has been recorded from the northwestern Pacific Ocean, including the northern East China Sea, off the Japan Sea coast and in Tosa Bay, Kochi and off Ibaraki on the Pacific coast of Japan. The examined specimens were collected in depths of 118-222 m, off Niigata, Kyoto, Yamaguchi, Kochi and in the northern East China Sea (Fig. 8) . The species has also been recorded in earlier studies from Yamagata (Honma 1959 (Honma , 1960 and Akita (Komoto and Yamada 2013; Komoto et al. 2015) on the Japan Sea coast and Ibaraki (Ohashi et al. 2017) on the Pacific coast of central and northern Japan. Bolin (1936) originally described At. tribranchius on the basis of 11 specimens from Japan, giving the type locality as "Nugatu". Okada and Matsubara (1938) regarded "Nugatu" as a misspelling of Numazu, a city facing Suruga Bay, Shizuoka Prefecture on the Pacific coast of central Japan. Subsequently, Kuroda (1951) listed At. tribranchius in his checklist of fishes of Suruga Bay and Yabe (2011) also included Suruga Bay in the distributional range of the species. However, because Honma (1960) had noted the type locality as more likely being Niigata on the Japan Sea coast of central Japan, due to the consistency of the geographic coordinates of the type locality given by Bolin (1936) with that location, Nakabo and Kai (2013) omitted Suruga Bay from the distribution of the species.
After the original description, Okada and Matsubara (1938) proposed the Japanese name, Kawari-anahaze, for At. tribranchius. Honma (1959 Honma ( , 1960 subsequently redescribed the species based on specimens from Niigata and Yamagata. Yabe (1984) stated that the species was known only from Niigata and Nishimura (1974) also regarded the species as being endemic to the Japan Sea. However, Yabe (2011) recently included Yamaguchi (Japan Sea coast), Tosa Bay, Kochi and Suruga Bay (Pacific coast) in the distributional range of the species, although specimen data was not included. More recently, Nakabo and Kai (2013) , in the latest edition of "Fishes of Japan with pictorial keys to species", stated that the species was distributed in Yamagata, Niigata, Kyoto, Yamaguchi and Kochi, Japan, their records from Kyoto being based on specimens (FAKU 131623 and 132168) collected off Tango Peninsula, and those from Yamagata and Niigata, and Yamaguchi and Kochi being referred to Honma (1960) and Yabe (2011) , respectively. Additionally, Komoto and Yamada (2013) and Komoto et al. (2015) recorded the species from Akita Prefecture in lists of fishes collected during experimental benthic trawl surveys. Ohashi et al. (2017) , recently, recorded the species from off Ibaraki. The present specimens from Kochi, Yamaguchi and the northern East China Sea, therefore, represent the first specimen-based records of the species from those regions. The species seems to have been rarely captured due to its very small size and relatively deep water habitat, most of the present specimens having been collected by small mesh benthic trawl or biological dredge during scientific surveys.
Remarks. The specimens examined here agree with the holotype and the original description, as well as with Honma's (1959 Honma's ( , 1960 redescriptions of At. tribranchius, in overall body appearance, meristic characters, head spination, coloration and the remarkably small mature size. Their identity was also confirmed by keys to the cottid species of the northwestern Pacific Ocean given by Yabe (2011) and Japanese waters given by Nakabo and Kai (2013) . Honma (1960) reported that examples of At. tribranchius <30 mm SL possessed fully matured ovaries. Among the present specimens, several females (22.5-27.6 mm SL) similarly possessed mature ovaries, one 27.6 mm SL-female specimen (SNFR 17688) having developed ova of ca. 1 mm diameter. Although sexual dimorphism and dichromatism in cottid fishes have been recognized in fin shape and coloration (Nakabo and Kai 2013) , no significant morphological differences were recognized between the sexes of At. 
tribranchius.
A morphological change in the uppermost preopercular spine shape was apparent in the species, the number of branches on the upper margin of the spine tending to increase with growth. Small specimens (between 13.6 and 22.4 mm SL) usually possessed a single branchial spine on the uppermost preopercular spine (Fig. 4E) , its tip becoming divided into two spinous points with growth (Fig. 4D) . In contrast, large specimens (between 20.6 and 27.9 mm SL) usually possessed an additional small branch near the preopercular spine tip, some specimens having 3 or more branches (Fig. 4A-C) . No other significant ontogenetic changes were apparent in the meristic or morphometric characters. Bolin's (1936) description of 27-29 minute lateral-line pores along the trunk to the caudal-fin base, following 3-6 lateral-line scales, was followed by Nakabo and Kai (2013) , although they did not include pores on the lateral-line scales. However, Honma's (1959 Honma's ( , 1960 , redescriptions of the species did not mention such pores. In the present specimens, a row of numerous minute organs along the trunk was recognizable in several specimens in good condition but proved very difficult to distinguish, and therefore uncountable. A similar condition was also reported for An. galatheae by Bolin (1952) . Because the organs are most likely epidermal pits containing free neuromasts, they should not be considered as lateral-line pores. The ease with which such organs may be obscured or damaged during capture and preservation, makes future examinations based on fresh specimens highly preferable.
Comparative material examined. Atopocottus tribranchius (holotype): USNM 102105, 26.8 mm SL, off Niigata Prefecture (originally as "Nugatu"), Japan, RV Albatross, station 4817, 38°14′N, 138°52′E, 61 fm (ca. 111.6 m). Stlengis distoechus (5 specimens, 58.7-72.1 mm SL, all from Tosa Bay, Kochi, Japan): BSKU 12978, 58.7 mm SL; BSKU 12979, 62.9 mm SL; BSKU 13155, 72.1 mm SL; BSKU 13157, 67.1 mm SL; BSKU 41916, 62.4 mm SL. Stlengis misakia (5 specimens, 61.1-83.6 mm SL): BSKU 29089, 73.0 mm SL, BSKU 94658, 63.1 mm SL, BSKU 97678, 83.6 mm SL, Tosa Bay, Kochi, Japan; BSKU 110030, 74.9 mm SL, BSKU 110053, 61.1 mm SL, Suruga Bay, Japan. Stlengis osensis (10 specimens, 32.6-39.4 mm SL, all from Tosa Bay, Kochi, Japan): BSKU 107873, 37.1 mm SL; BSKU 107932, 9 specimens, 32.6-39.4 mm SL.
